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Abstract— Recently, there has been a push for better exposure,
recruitment, and training of United States adolescents to STEM
(science, technology, engineering, and math) related fields.
Educators are working to empower youths with early exposure to
STEM topics to engage in the hard sciences in their futures.
Among these topics is bioinformatics, an interdisciplinary focus
with roots in computer science, molecular biology, genetics, and
mathematics. Due to its interdisciplinary nature, bioinformatics
requires a large learning curve. It is difficult to design programs
for exposure and recruitment in bioinformatics for students
below the college level, so much so that there are only a handful
of activities appropriate for high school aged youths, and
veritably none for middle school children. Despite this difficulty,
we have created a program for bioinformatics exposure in
middle school aged children and implemented a number of novel
activities designed to teach basic bioinformatics concepts such as
using biomedical databases, phylogeny, and sequence assembly.
We implemented this program as part of a pilot program in
iSTEM (Innovative, Interdisciplinary, Information TechnologyEnhanced STEM), an after school program for middle school
students (5th through 8th grade), and are encouraged to find that
these young student participants found these activities fun,
exciting, and enhanced their desire to perform similar activities
in the future.
Keywords—bioinformatics; STEM, education; middle school;
hands-on learning; exposure; information technology after school

I. INTRODUCTION
Bioinformatics is an interdisciplinary field of study that
incorporates molecular biology, genetics, mathematics,
computer science, and other areas of expertise. The field has
rapidly emerged as a necessity in the life sciences as
technological capabilities for high-throughput experimentation
and high performance computing grow. Over the past 15
years, bioinformatics has become integrated in biomedical
research as a tool for analysis of biological data (Figure 1), as
a motivator of data-driven science, and as a curriculum for the
training of new scientists with skills in handling large and
dimensional data.
In response to the growing need for professionals with
bioinformatics skills, many educational institutions have
developed undergraduate and graduate programs for the study
of bioinformatics and related fields (for example, biomedical

informatics, public health informatics, clinical informatics,
and computational biology, among others). Bioinformatics.org
lists as many as 45 higher education institutions offering a
variety of bioinformatics education, from solitary courses all
the way to doctorate level degrees in the field as of December
2014 [1]. Other institutions have addressed the need for
bioinformaticians as well; in 2012, the National Institutes of
Health announced the Big Data to Knowledge (BD2K)
initiative for “enabling biomedical research as a digital
research enterprise [2],” with many of its funding calls
soliciting programs for educating biomedical researchers in
bioinformatics techniques as well as the development and
release of bioinformatics software and approaches for large,
dimensional, and noisy biological data.
The increased attention and funding for educating the next
generation of researchers hopes to enhance the pool of
scientists with measured computational skill sets. In addition
to this push for education and training, United States educators
are calling for early exposure to science, technology,
engineering, and math (STEM) topics with the hopes of
encouraging and empowering young students to engage in the
hard sciences in their careers [3]. The STEM Education
Coalition argues that STEM education is imperative for the
United States to remain and become competitive in the
technology and economic world markets [4]. Bioinformatics
falls squarely under STEM education, spanning life sciences,
mathematics and statistics, physical sciences, and technology.
As Mataric et al. articulates, “….to truly engage a child’s
interest in STEM, it is necessary to make creative, accessible,
and affordable educational materials available from
elementary school on in a continuous fashion [5].” Further, in
national surveys led by the Computer Science Teachers
Association (CSTA) [6], “high school computer science
teachers ranked lack of student interest as the greatest
challenge in computer science education.” Thus, developing
early interest in the STEM and Computing fields is key for
youth to pursue undergraduate degrees in science or
engineering. The CSTA study also reported “high-quality
afterschool STEM programs have demonstrated success in
cultivating youth interest in STEM fields and careers, as well
as improving their likelihood of graduation and pursuit of a

Figure 1. A search of the National Center for Biotechnology
Information (NCBI) database Pubmed with the term
“bioinformatics” indicates the growing popularity of the field in
the past 15 to 20 years. Pubmed is a database of peer-reviewed
biomedical literature and research.
Table 1. Schedule of Activities used in the Bioinformatics after
school program implementation.
ID

M|
N|
T
N/
a

Time
Needs

Activity

15

Student presurvey

N/a

1

Bioinformatics Concept

T

30

Make an Origami
Frog [20]

Central Dogma,
Sequence to Structure to
Function

2

N

45

Find a Disease
Gene

Exploring the OMIM and
NCBI Databases

3

T

45

Make a DNA
Bracelet [21]

The Nucleotides of DNA:
A,C,T,G

4

T

45

Find the Hidden
Codon Message

Translation and the
Genetic Code

5

T

45

DNA Model with
Pipe Cleaners

The Double Helix of
DNA

6

T

45

Crowd-sourcing and
Research

7

M

45

Citizen Science
Games
Word Clouds
from Science
Articles

8

N

45

Assembly from
Popsicle Sticks

Sequence Assembly

9

T

45

Genetics BINGO
[22]

Dominant and Recessive
Genes

11

N

45

Virtual Zoo and
Family Tree

Phylogenetic Trees and
Traditional Taxonomy

12

T

45

Outbreak Games

The Spread of Disease

N

45

Bioinformatics
Scavenger Hunt

Compilation of all skills
learned above

N/
a

15

Student postsurvey

N/a

13

Identifying Patterns and
Frequencies in Text

*T = traditional, N= novel

STEM career.” Google’s CS First program has provided
similar evidence to illustrate the value of exposure to new
concepts early to school students [7]. As such, the major
objective of the iSTEM program, particularly for the

bioinformatics agenda, is exposure versus comprehension,
with a particular focus in igniting interest in bioinformatics.
As previously discussed, a number of curricula and courses
have already been developed for those students in postsecondary education who are seriously interested in
bioinformatics training and education. For secondary
education, a handful of peer-reviewed resources exist. Form
and Lewitter (2011) presented “Ten Simple Rules” for highschool bioinformatics education built around using simple pen
and paper activities to expose and educate the student [8]. A
handful of others have built on Form and Lewitter’s
methodology, mainly encompassing specific activities for
exposure or principles in curriculum design (Machluf and
Yarden 2013 [9], Settle et al. 2013 [10], Wood and Gebhardt
2013 [11], McQueen et al. 2012 [12], Korcsmaros et al. 2013
[13], Marques et al. 2014 [14], and Nunes et al. 2015 [15]).
The National Science Olympiad Committee has added a few
bioinformatics-style challenges to their repertoire, most
prolific of these being their Protein Modeling event which
engages bioinformatics databases containing predicted protein
secondary structures as well as 3D modeling tools to create a
hands-on model of a native structure [16]. However, few
bioinformatics activities have been suggested for the primary
school level despite increasing calls for early childhood STEM
exposure. In a December 2015 literature review, no examples
of peer-reviewed activities or principles for implementation
could be found. Our speculation behind this is the fact that
developing bioinformatics activities that are entertaining and
capture the attention of primary school students is an
inherently difficult problem; indeed, bioinformatics for all its
interdisciplinary benefits requires a significant “learning
curve,” even at the introductory level, to understand
motivation behind even the most basic bioinformatics tasks.
In the following “Educational Suite” section, we present an
overview of a pilot study of bioinformatics related activities to
expose middle school students (specifically 5th through 8th
graders) to bioinformatics in after school settings. The
activities implemented in our bioinformatics after school
program were borrowed from traditional biology, modified
upper-level bioinformatics exercises, or novel activities
developed by our research group. Interest in bioinformatics
was measured by pre- and post-user surveys, which show that
a majority (>70%) of students enjoyed the class, thought it
was fun, exciting, and were enthusiastic about taking similar
classes in the future, despite an initial disinterest in taking
computer-related courses in high school. We would like to
extend the spirit of our pilot program and activities to our
friends in the educational community to help them expose
their students to bioinformatics in an entertaining and handson way. We would like to also re-iterate that the goal of these
bioinformatics activities serve to expose the student
population to the discipline with no specific goals for retention
– the after school time for these students is meant to serve as a
time to be creative and explore, not for long term learning. It
is our hope that this program will allow students to discern
that (i) bioinformatics exists as a discipline and (ii) they have
the power to pursue it in their futures.

II. EDUCATIONAL SUITE
As part of a recent multiyear grant “After School Program
for Innovative, Interdisciplinary, Information Technologyenhanced STEM (iSTEM)” from a private foundation, we
implemented an after school program [17] for 5th to 8th grade
students at two middle schools in Omaha. These schools
attract students of color and/or from economically
disadvantaged neighborhoods with about 65% of the
population
being
minorities
(Asian/Black/Native
American/Hispanic) and nearly 75% participating in a free or
reduced lunch program [18]. The overall purpose of the
iSTEM program is to ignite interest in STEM areas and to
broaden participation in innovative, interdisciplinary
computing areas, by infusing a fresh approach to teaching
computing in K-12, while complementing the in-school
curriculum. The after school program currently offers four
different modules in each academic semester: programming
for robotics using Finch [19], coding using Scratch [20],
mobile app development using App Inventor [21], and
bioinformatics. Each module is offered for 2 hours a week
after school (one hour on Mondays, and one hour on
Wednesdays) over a period of 8 weeks. Each session includes
escorting students to and from a central gathering room to a
classroom and roll call; as such, time for in-class activities on
average ends up being 45 minutes long. In this paper, we will
discuss in specific the nature and structure of the
bioinformatics module and some initial outcomes.
A. Schedule of Activities (Bioinformatics Sessions)
A proposed schedule of activities for the bioinformatics
module is presented in Table 1. Activities are designated as
“T” for traditional/existing activities that were used verbatim
or modeled after an existing activity, or “N” for novel, which
to our knowledge represent activities specific to
bioinformatics that have not previously been used in a middle
school setting for bioinformatics education. Activities
designated as “M” or mixed are a combination of both
traditional and novel.
One goal of the after school program is to expose the
students to bioinformatics and its conceptual foundations.
With a limited number of contact hours given the attention
span of middle school students, we decided not to provide an
introduction to the discipline using show slides or lectures.
Rather, to introduce ideas a series of questions were used to
garner student interest. For example, in the Origami Frog
activity, students were asked:
• “Who has made an Origami Frog in the past?”
• “What is the function of an Origami frog?” [To jump]
• “Could you make an Origami Frog if you did not
have instructions?”
• “What would happen if there was a missing step in
the instructions?”
• “What would happen in there was an additional step
in the instructions?”
• “What would happen if there was additional step in
the instructions, to draw a face on the final frog?
Would this affect its function?”
This work was supported in part by a grant from the Sherwood
Foundation/Collective for Youth to DK.

“What would happen if there was a missing step in
the instructions, such that you missed the X folding
step? Would this affect its instructions?”
During the activity, the instructor explains how this activity
ties to the field of bioinformatics - for example, comparing the
Origami Frog instructions to the human genome and the
finished, functioning product (the frog) to a normal,
functioning protein, or “mutated” instructions to a nonfunctioning, or semi-functioning, “diseased” result.
•

B. Overview of Selected Activities
Our research group developed three novel activities to
expose students to specific bioinformatics problems, namely
the exploration and usage of bioinformatics databases,
sequence assembly, phylogeny, and bioinformatics skill
implementation. These activities to our knowledge have never
been used or implemented before, in any setting. A detailed
outline of these activities follows below.
Selected Activity 1: Find a Disease Gene: In this activity,
students are asked to visit the Online Mendelian Inheritance in
Man (OMIM) database [25], which stores genetic, clinical,
and other relevant information about diseases found in
humans. This activity is similar to other bioinformatics
exercises, but the language and explanations used were
designed to resonate with those on a 5th-8th grade level.
Students were asked to identify and search for a disease in
which they have a personal interest. The teacher and instructor
guide the students on what diseases are genetically linked
versus which are pathogenic (i.e., a virus would not typically
be found in the OMIM database, although a genetic
susceptibility to or protection against transmission of that
virus could be found, for example). Once students have
identified their disease, they are asked to find a gene that plays
a role in that disease. (Typically, OMIM will display a table of
gene-phenotype relationships associated with the disease,
including their cytogenic location, phenotype, an OMIM
identifier, means of inheritance, and associated gene symbol
as shown in Figure 2.)

Figure 2. A screenshot of the top of the OMIM entry for Cystic
Fibrosis, including its Phenotype-Genotype table (screen
captured on 12/23/2015)

Students are asked to record the location of the gene and
how it is inherited, as well as its symbol. Once students have
completed these tasks, they are directed to the National Center
for Biotechnology Information (NCBI) website at
http://www.ncbi.nlm.nih.gov, where they are asked to explore
all the databases that are present there. Students instructed on

how to find their chosen disease gene in the Gene database
(for example, searching “CFTR[sym] AND human[orgn]”) in
the human genome, and are asked to investigate and record the
record for their chosen gene. The instructor then explains how
to find the DNA sequence of the gene, its cytogenic location,
literature associated with that gene, and host of other
capabilities that are available on the website.
Selected Activity 2: Assembly from Popsicle Sticks: In this
activity, students are asked to join together in groups of 2-3 to
solve a number of “assembly” problems. To prepare this
activity, the instructor must obtain the following materials:
Large colored popsicle sticks, at least 10 of each color, and
one black permanent marker. Before the session, the instructor
creates a set of “contigs” from 6 bioinformatics messages
(these can be varied according to the instructor’s desire):
“DNA MAKES RNA MAKES PROTEIN”
“IN 1953 WATSON AND CRICK DISCOVERED THE
DOUBLE HELIX”
“THE HUMAN GENOME CONTAINS 6,000,000
NUCLEOTIDES”
“HUMANS SHARE 60% OF THEIR DNA WITH A
BANANA”
“DNA SEQUENCE DETERMINES PROTEIN
STRUCTURE”
“THERE ARE OVER 30,000 GENES IN THE HUMAN
GENOME”
Each popsicle stick should represent a contig, with letters
evenly spaced (even throughout natural language spacing)
such that students have to “assemble” the contigs to determine
the final message. The group who assembles all messages
correctly first is the winning group. Each message would have
an individual color. An example is shown in and Figure 4.
For the assembly activity, a number of variations on
coverage can be used (for example, only one contig used to
“cover” part of the message and many contigs used to “cover”
other parts of the message”). For more advanced students,
sticks can be combined (all colors in one “puzzle”) to simulate
a metagenomics experiment, or for a very difficult puzzle, two
“messages” can be given on two sets of the same-color sticks
to represent assembly of two different genes from the same
organism. “Mutations” can be introduced using targeted errors
in contig creation (i.e. “D N A M A K E S R N” to “D N A A
A K E S R N”) or repeats can be simulated using different
length contigs. This activity also works well using Lego© or
generic building bricks. As the students work on this activity,
the instructor and assistant can explain that this is the way we
“read” DNA using current technology. At the conclusion of
the activity, the instructor asks the students how the problem
would become harder if the message were the length of a
book, of multiple books, or a whole library of information.
This leads to a discussion of the need for computers to analyze
this data in the real world.
Selected Activity 3: Virtual Zoo and Family Tree: In this
activity, students are asked to use traditional taxonomical
methods and bioinformatics methods to create two “family
trees” for a set of different animals – one, using traditional

Figure 3. An example of the "unassembled" contigs for the first
message, "DNA makes RNA makes Protein." Note the even spacing
and capitalization of the lettering. This can be hand printed (very
carefully), printed using a labeler, or printed in entirety using a 3D
printer.

Figure 4. The final "assembled" message from Figure 3.

classification techniques of observation by “walking” around a
virtual zoo, and two, by creating the phylogenetic tree of
genes from the organisms. The activity begins by asking
students to visit a virtual zoo hosted by waza.org (although
this activity could be modified to use in an actual local zoo as
well) and gathering information on the animals by first
identifying where in zoo the animals are located and then
reading more about the animal itself. Students record their
observations in a as shown in Table 2 (modified here to fit the
space shown). Once the students have filled in the table, they
are asked to place the animals on a pre-drawn “family tree” to
represent which animals they think are closely related (Figure
5). Once students have completed this task, the class creates a
phylogenetic tree together to compare individual group results
to the actual phylogenetic tree. The group whose tree was
closest to the real phylogenetic tree is declared the winner. To
create the phylogenetic tree, students use a provided set of
DNA sequences from each of the organisms and perform
multiple sequence alignment with Clustal Omega [26] to
compare to their observed tree.

Table 2. The table used to collect traditional classification data for the Virtual Zoo activity
Animal
Size
Sloth bear
S M L
African elephant
S M L
American black bear
S M L
Banteng
S M L
Blacktip Reef Shark
S M L
Bush dog
S M L
Giant Anteater
S M L
Giraffe
S M L
King Penguin
S M L
Nautilus
S M L
Pied Tamarin
S M L
Short Beaked Echidna S M L
Southern Pudu
S M L
Walrus
S M L
Wild Cat
S M L
*S = small, M = medium, L = large

Height (cm)
2 feet

Weight (kg)
80 lbs

Fur/Skin Color
black

Other Notes
Has tufts of hair on its ears, small teeth

Figure 5. The empty tree presented to students in the Virtual Zoo activity (left) and the phylogenetic tree generated using real gene data from
NCBI's website (right).

III. RESULTS
Including three days where students were not available due
to extenuating circumstances (i.e. parent-teacher conferences),
a total of 13 bioinformatics sessions were held. Sessions were
attended by anywhere from 8-18 middle school students, an
instructor, an assistant, and a teacher from the school, and
took place in a computer lab equipped with desktops for each
student. Pre- and post-surveys were completed on the first and
last sessions of the program, with 14 and 11 responses total,
respectively. A breakdown of student grade and gender
(Figure 6) shows that participants were mostly 5th and 6th
graders (representing 100% of pre-survey takers and 73% of
post-survey takers) and were mostly male (85% of pre-survey
takers and 73% of post-survey takers). Table 3 describes the
pre-survey respondents’ participation in free/reduced-cost
lunch programs, ethnicity, and gives an indicator of higher
education of their parent. A majority of students responded
that they were African American, Hispanic/Latino, or of
mixed race (92.86%) and only 35.7% could confirm that at

least 1 parent had received a degree at a 4-year college or
university. Many of the respondents (71.43%) participated in
the free/reduced-cost lunch program. Sample sizes for both
pre- and post- survey responses are too small for results to be
statistically significant, but we present these results as a proofof-concept for our program. The survey instrument itself is
novel.
The pre-survey (n = 14) posed seven questions about the
student’s enthusiasm about the program, their desire to work
with computers in high school, their knowledge of IT, and
their knowledge of careers for those educated in IT (Figure 7).
Students were asked to respond to the following statements
with “Strongly Agree”, “Neutral”, or “Disagree”: "I am
excited to take this class.”, “I think this class sounds like
fun.”, “Someday I want to be a computer professional.", "I
understand what computer professionals do.”, “I have access
to computers at home.", "In high school I want to take
computer classes", and "I've taken other classes about
information technology." Overall, students were excited to

Table 3. Pre-survey responses to questions on ethnicity, participation
in free/reduced-cost lunch programs, and parental education

Count
Percentage

Do you get free or reduced cost
lunch?
Yes
No
TOTAL
10
4
14
71.43%
28.57%
100.00%

Count
Percentage

At least 1 Parent has completed degree at 4year college or university
TOTAL
Yes
No
Unknown
5
5
4
14
35.71%
35.71%
28.57%
100%
Ethnicity

Count
Percentage

AfricanAmerican
6
42.86%

Latino/
Hispanic
1
7.14%

Mixed

Other

TOTAL

6
42.86%

1
7.14%

14
100%

Figure 6. Pre- and post-survey demographics by grade and gender

take the class (Response of 79% Strongly Agree to “I think
this class sounds like fun” and 71% Strongly Agree to “I am
excited to take this class”), however; less than half of
respondents indicated enthusiasm for working with computers
in their futures (Only 43% Strongly Agree response to both
“In high school I want to take computer classes” and
“Someday I want to be a computer professional”). Exactly half
of respondents indicated that they had some concept about the
career of a computer professional (50% Strongly Agree).
About a quarter of participants do not have access to
computers at home (29% Strongly Disagree).
The post-survey (n = 11) posed eleven questions about their
experience, their desire to work with computers in the future,
the instructor and assistant, and their knowledge of computers
and careers with computers (Figure 8). Students were asked to
respond to the following statements with “Strongly Agree”,
“Neutral”, or “Disagree”: "I liked this class.”, "I want to try
more computing activities like this class.”, "I am interested in
taking further computer technology classes in middle or high
school.”, "Participating in this class has made me more excited
to do and learn computer science and technology in school.",
"Participating in this class has shown me that I can learn more
about information technology such as mobile applications.”,
"The class was fun for me.”, "Participating in this class has
made me realize that computing is a creative activity.”,
"Participating in this class has made me realize that I can learn

to solve real life problems by learning about technology and
computers.”, "The teacher helped make learning fun.", "The
assistant was helpful and friendly.", and "The teacher provided
helpful instruction."
Students gave the strongest responses to their experiences
with the program. A majority (73%) responded that the class
was fun for them, that they liked the class, and that they
wanted to try more computing activities like this class.
Specifically, the final statement of a 73% interest in taking
more computing classes in the future was striking considering
pre-survey data indicating only a 43% interest in taking
computer classes in high school. In addition to the enthusiasm
for computer classes similar to those presented via the
program, general interest in taking further computer
technology classes in middle or high school was reported
around 55% Strong Agree by the students. A majority of
students (64% Strong Agree) also reported that their
participation made them more excited to learn computer
science and technology in school. Overall, enthusiasm was
held and increased over the course of the iSTEM program.
Students were also given the opportunity to describe what they
liked and disliked about the course. A sample of questions and
responses is shown below:
Post-survey question: “Tell us what you liked the MOST
about the class and why?”:
• “The [vaccine game] website”
• “It was sooooooo(sic) fun and cool.(sic) I leard(sic) a
lot about biology”
• “I mostly like about this class is(sic) the fun activities
we do and the games we get to play.”
• “It is all good here.”
• “I like computers”
• “We get to learn and have fun at the same time.”
• “The fun”
• “Math”
• Post-survey question: “Tell us what you liked the
LEAST about the class and why?”:
• Five “Nothing” responses
• “A little to(sic) strict but still fun”.
A number of students left these sections blank as well. Both
the instructor and the assistant observed throughout the
program that students were eager to learn, came to class
excited each day, and often asked “What are we doing today
in iSTEM?” as they walked together to the class.
IV. DISCUSSION
Consistent with a growing need for IT professionals on
local and national levels, there is a growing need for scientists
with training in computer science, information technology,
and basic research skills, or more specifically,
bioinformaticians. Answering the call for careers in STEM
fields involves education, training, and early exposure. True
exposure to bioinformatics before high school is difficult due
to the interdisciplinary nature and strong “learning curve” of
involved; however, we have created and implemented a series

Figure 7. Pre-survey questions and results.

Figure 8. Post-survey questions and results.

of bioinformatics activities designed for middle school
students that not only expose students to bioinformatics, but
create and maintain enthusiasm for IT. After the program,
participants thought the class was fun (73% Strong Agree) and
that they liked the class (73% Strong Agree). Despite an initial
disinterest in taking computer classes in high school (43%
Strong Agree), after the program students wanted to try more
activities like the bioinformatics program (73% Strong Agree)
and 55% were strongly interested in taking computer classes
in high school. Both instructor and assistant observed

excitement and enthusiasm for careers in bioinformatics and
healthcare throughout the program, in addition to multiple
“lightbulb moments” when students were delighted for a new
concept to take hold in their minds. We hope that this program
will serve as a proof-of-concept for developing bioinformatics
activities that are entertaining and capture the attention of
primary school students is not only possible, but doable in a
way that captures the excitement of participants.
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